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FOREWORD 

This  publication  was  prepared  under  contract 
by  the  UNITED  STATES  JOINT  PtBLICATIONS  RE¬ 
SEARCH  SERVICE,  a  federal  government  organi¬ 
zation  established  to  service  the  translation 
and  research  needs  of  the  various  government 
departments. 
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INTEMCilDlJ  OF  TOIK  SHOCK  WAVES  ?nCrH  A  FI^ 

-  USSR.-:';--  .  r.:; 


'  '  fFolibniririg  is  a’tr&fl3lation  bf  an  artiols  by:  Gi’  D«  .Salsnian- 
:  in  Zharnal  Tekhrii ckeskoy 

•  Fiaikl  (Joui'nal  ' of  Technical  PliyaiciTF^o^«  2Z1X#  No*  11, 

'  "‘Moscow-Lehlr4radi  Kov©abGr  19^9;  pages  1560-1367.  3 

"  "  The  actiiai  coums  of  cdiabnstion  processes  in  technical  apparat-us 

is  so  complicated  by  secondary  considerations  that  .to  take  them  into  ; 
account  woTild  make  anal;psis  of  the  phenomena  much  mors  difficulto 
However,  in  any  process  of  fsiel  combustion  there  occurs  a  number  of 
common  basic  phenomena  associated  witii  the  nature  cf  the  combustion 
process}  this  enables  us  to  formulate  a  theory  of  the  process  regard- 
"less  of  the  type  of  apparatus  used*  Among  those  plieneraena  which  are 
of  great  interest  is  the  transition  from  slow  combustion  to  detona¬ 
tion,  when  the  flame  passes  through  the  ej^Jlosive  mixture  at  a  veloc- 
bdveral  kilometers  per  seconde:- 

■  Since  the  shock  ■fravcs  forming  before  the  flame  front  play  a 
substantial  pai’t  in  the  formation  of  the  detonation  wave,  an  explana¬ 
tion  of  the  role  of  shock  tiravea  in  the  organiz-ation  of  the  combustion 
process  is  of  special  interest.  The  mechanism  of  formation  of  tlie  > 
shock  discontinuity  before  the  fU-ame  front  can  be  reduced  to  the  fol¬ 
lowing  j  the  expansion  ef  gas  during  combustion  near  the  closed  end 
of  a  pipe  leads  to  the  formation  of  elementary  disturbances,  which 
propagate  in  the  gas  before  the  flame  front.  Since  each  succeeding 
disturbahce  propagates  in  tha  gas  to  which  the  preceding  disturbances  \ 
have  imparted  a  certain  velocll®’’  and  have  somewhat  increased  its. 
temperature,  the  velocity  of  prcp^ation  of  succeeding  disturbances 
increases  continuously*  The'  shock  wave  f  oims  wheiw  the  elementary 
dis'burbances.:coa7erge. 

In  the  first  approximation,,  ■Kie  problem  of  the  motion  of  a 
gas  before  a  flame  front  during  ccmbustion  of  an  explosive  mixture 
in  a  pipe  sealed,  on  both  ends  can  be  reduced  to  the  problem  of  the 
motion  of  a  gas  in  front  of  a  piston  accelerating  in  accordance  with 
the  same  ^law  by  •vrtii'ch  a^  actually  accelerates.  The  problem  of 

the  motion  of  a  gas  enclosed  in  an  iaf’inite  cylinder  bounded  on  one 
end  ty  an  accelerating  piston  was  soi-ved  by  Hugonlot  (1) . 
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The  problem,  solved  by  Hugoniot  analytically,  is  easily  solved 
the  graphical  method  of  characteristic  cui^es  (2)«  The  siiocic  wave 
forming  before  -the  flame  front  has  a  substantial  .effect  on  the  further 
progress  of  the  combustion  process. 

It  is  generally  accepted  that  the  existence  before  the  flame 
fi’ont  of  a  pronounced  shock  discontinuity,  capable  of  ignittog  the 
mixture,  is  an  essential  condition  for  transition  from,  slew  combustion 
to  detonation  (3).  Transition  from  slow  combustion  to  detonation 
can  be  accomplished  also  in  the  case  when  a  weak  shook  wavs  is  fosmed 
before  the  flams  front.  The  present  work  is  in  fact  devoted  to  ex¬ 
plaining  the  role  of  weak  shock  waves  in  the  organization  of  the  com¬ 
bustion  process. '■  ■  r.r 

E^qjerimental  Procedure  (.  -  -  > 

For  visualizing  the  process  of  the  formation  of  a  .shock  w^-re 
traveling  before  the  flame  fx'ont  and  Txaacccmpanicd  by  self-lum^escence, 
an  lAB-iifl  mirroa>meniscus  device  was  used. 

Photography  by  the  scanning  method  Was  supplemented  by  high— 
speed  photography,  which  made  it  possible  not  only  to  judge  the 
velocities  of  the  flame  and  the  shock  waves,  but  also  to  record  the 
fronts  of  the  shock  wave  and  fiaine  during  their  interaction.  An 
S’?DSh-1000  superhi^-pressure  mercury-arc  la®P  served  as  t£e  light 
source  in  photography  by  the  sesanning  method.  For  -die  light  source  ,  ^ 
during  high-speed  photography,  a  specially : constructs  ^pulse  tube 
was  used,  generating  high-repetition  flashes.  Tlie  design  of  this 
tube  is  described  in  detail  in  Reference  (1;)*  ‘ 

The  process  was  recorded  on  film  placed  on  the  inner  surface- 
of  a  uniformly  revolving  drum.  J 

Since  the  sensitivity  of  the  lAE— li^l  apparatus  for  a  given  , 
light  source  depends  on  the  width  of  the  light  beam  passing  the 
Vs.yLf&f  the  aperture  cf  the  collimator  was  increased  to  0.7  nun  for 
obtaining  a  clear  picture  of  the  development  of  the  combustion  •; 
process,  free  of  any  superfluous  details. 

Photography  employed  the  so-called  double— knife  methodj  this 
made  it  possible  to  a  considei’ab3.e  extent  to  diagram  the  ,  diverging 
beams  of  luminescence  from  the  ej^lpsion.  •  '*  ; 


The  ixivestigation  of  the  effect  of  ehock  Tsrayee  on  the  deyelopr , 
meat  of 'the  canhustida  process  stedoless-btoei  pipes 

with  a  circuiar  cross-sectlori  Ii2  ^  in  diameter  , 

square  crdSS-sectidh'''Of 

One  of  the  chamber  sections  was  fitted  with  glass  through 
which  the  process  was  recorded.  T^e  length  of  the  viewable  portion 
of  the  pipe  v^as  200' mm»  Th'd  lipigth  of  the  sect^^^  glass  ;  ri 

was  200,  1(00-  arid  1000  The*  Ovefail  length  of,  the,  pipe 
varied  from’  hOO  to  2000  inn.''  '%'  chan^ng  the  position  of  the  sections 
(sic)  fitted  with  the  glass  it  was  possible  to  photograph  -fc-e  process 
in  any  part  of  ihe  pipe,  'On  ;ons'  ^  sealing  the  pipe  was 

mounted  a  sparkplug  for  igniiirig  tb,e  mlxtta-ej  the  other,  pontaiaed  a 
valve  for  drawing  off  the  air  and 'feading  in  the  explosive  misture, 
Hydrogen“o:cy'gen,  methane-oxygen,  and  o:^acetyIene  mixtures  were  used  . 
as  fuels.-  '■  i;''!., ^ 

Such  a  selection  of  mixtures  makes  it  possible  to  study  the 
formation  of  fshock  waves  and  their  interaction  with  the  flame 
without  l^e  need  of  aii  extremely  iong’icdmbustion  chamber,  .since 
ccfflbust'ioh  proceeds  so  rapidly  in  these  mixtures  that  the  shock, 
wave  foiiiB  at  a  relatively  short  distance  fro^^  point  of  ignition. 

The  hydrogen-oxygen  and  meth?iie-bxygen  mixtures  were  con¬ 
stituted  by  volume  and  stored  in  tanks  without  having  bpen  dried  , 
prior  td  being  fed  into  the  pipe. '  For  praparihg  and  storihg  the 
oxyacetylene  mixtures,  a  special  mixing  unit  was,  used,  equipped  with 
an  agitator^  The  mixture  was  constituted  according  to  pressin'e.  .  ^^^ 

E3Q>eidmental  Results  and  Their  Biscussion 

ai) '  Fbrifeticn  of  the  shopk^waye  before  the  flamie. front .  - 

All  bjqjeriments  to  determine  thb  distarxi'e  between  the  points 
of  ignition  and  formation  of  the  shock  wave  X  were  conducted  in  a 
pipe  with  circular  cross-septipn  and  h2  mm  in  diameter.  The  length, 
of  the  pipe’  was;  selected  SO;  as  to'.precltide '  the  participation  of  ;  -  - 
disturbances ,  reflected  fnom  ;ffie  ehd  of  the  pipe,  in  the  formation 
of  the  shock  ■bate.  The  results  bbtained,  describing  the  magnitude,  . 
of  X  as  a  fimctibn  of  the  perdenbage  content  of  fuel  in  the  .mixture,  .  . 
are  shown  in  Figure  li' ' The  distance  between  the  poi>its  of  ignition 
and  formation  of  the  shock  wavs  is  laid  out  along  the  ordinate  axis, 
and  the  percentage  content  of  ftiel  in  the  mixture  —  along  the  abscissa 
(conversion  to  true  content  of  fuel  in  the  mixture  was  not  performed). 
The  points  denote  average  values,  obtained  from  ?-6  experiments. 


E:q)erlii]&nts  with  the  hydrdgen-<):j^geri  ffl  were  coiiduct^  with  ,, 

three  initial  prssshres  bf  the  inixture:  ItOO*  600  and  720  mm  Eg.r  " 
Ihe  methane-ojy^fen  k»ixtureh''vrei‘e  ignited  liihder  ^M  initial  pressure 
in  the  chamber  of  700  mni  Kg^  and  the  o^ace^llehe  mixtures  —  under 
a  pressure  of  hOO  nm  Hg«  .  ^  •  ..  .  ,  ? 

•'  As;seen;^rom  Figure  Ij  the  tuir'es  for  jail  three  mikfcuredi> 
describing  the  iiiagnitude  pf  X  as  a  :^ctt6h;'Vf  the  Iperceht age  content 
of  ‘^'h®  fflixture,’  hatre  the  form  of  curves  with  a  minimiara.  ,  , . 

Figure  2  plots  the  value  of  X  as  a  function  of;  the  iaitiai  ;  V 
pressure^of  the  mixture  in  the  pipe^  for  stbichiometric  minctures  of 
hydrogen  and  oxjgenjj  taethahe  and  oxygeij,  and  'acetylene  and  p-^^gen.  , 
With  a  rise  in  initial  pressure  thb  distaiice  be'Tnireen  the  points  of 
ignition  and  the  appearance  of  ttie  shook  wave  decreaseso  In  the 
hydrogen-oxygen  and  oxyacetylane  mixtures  this  is  especially  pro¬ 
nounced,  .  - 


As  already  noted  above,  the  dist^^^^^  the  peints  of;  ;■ 

ignition  aa'd  appearance  of  the  shpcfc  wave  can,  in  the  first  approx¬ 
imation,  be  regarded  as  the  dlstahce  at  which  a  shock  wave  will  fonn 
in  front  cf  a’ piston  accelerating  in  accbi^hce  Ydth  the  same  law 
by  Tiihlch  a  flame  actually  accelerates.  ' 

Acebr<Ung  to  Hugbniot, '  X-*^  i.  o, ,  .thp:  distance  J at  which  • 


the  elementary  compression  waves  overtake  each  other,  to  fpim  a 
shock  wave^  depends  on  1he  velocity  of '8 btcid  in  the  medliim  and  Ihe 
acceleration  of  the  piston,  . 


Since  the  accelerating  propagation^pf,  the  flame  is  the,  cause 
of  the  elementary  disturbances  from  which  "  the  shock  wave  is  formed, 
the  reason  for  the  acceleration  of  the  flame  front  in  this  stage  of- 
propagation  takes  on  speciaL  interest;,  ' 

Assuming  that  accelerMi^  bf  the  fl^^  Ih  the  initial  ste 
of  propagation  is  caused  by  turbi^ehce  ,pf  'tjie  ndxtur^e^^ 
flame  front,  Shchelkin  (3)  derived  an  e;^fessioh  relating  the  distance 
between  the  points  of  ignition  and  fpraiatiGn  of  the  '^ock  wave  to  r 
the  physicp-chomlcal'  parameters  of  the  mixture#  in,  the  foma  , : 
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The  distance  from  the  point  of  ignition  to  inhere  the  shock 
■jjave  ioiins  is  preportional  to  the  diameter'of  the 'pipe  dj  ‘  it  in-  ■ 
creases  with  an  increase  in  the  velocity,  of.  so'und  and  decreases  with  , 
an  increase  in  the  nomal  velocity  Of  the  flame  11^. 

With  a  change  in  the  composition  of  the'  mixture,  the  value  Of 
X  can  va:^  as  a  result  of  a  charge  in  normal  velocity  as  wen  as  in 
tdie' •Velocity’ of' souhd. 

>  let  us  consider  the  f o Nation  of  a  shock  wave  in  oxyacetyl^e  ; 
mixtures  in  which  -Uie  velocity  of  somad  is  practicaliy  in&spendant  of  ' 
the  percentage  content  of  tils  acetylene'  in  tht  toixture®  As  the  curve 
desciilfiag  the  dependeiics  of  the  normal  velocity  of  the  f xame’ of  ; 
oxTciCetylene  mixtures  on  tiie  percentage  content  of  acetylene  tes  two  - 
maxima  (5),  in  contrast  to  similai*  cuiv-es*  for  otlier  fuels,- ^  ■ 

tionship  betwesa  the  value  .of  X  and  the  percentage  content  of  acevylene 
in  the  mixture  must  be  characterized  ty  a  curve  with  two  mlnusa* 

In  Shchelkin’s  formula,  pressure  is  hot  represented  clearly. 

In  the  rsttige  of^  pressure  change  studied  ty  us,  the  noi'mal  velocity 
of  the'nWe  of  oxyacetylene  mixtures  docs  not  depend  oh  pressure 
(6).  Since  the  veloclly  of  soihd  in  the  mixture  also  dees  not  depend 

on  the  pressure,  we  can  expect  that  tile  Value  of  X  is  independent  of 
the  irdyiaX  pressure  of  the' m^^  V  ,  , 

'  Bie  ej^erimehtal  data  obtained  by  us  are  in  contradiction  with 
fonaula  "(l).  ’  ■  .  X,', 

An  analysis  of  the  course  of  the  combustion  process  during 
the  initial  period  Of  iiaine,  propagation  shows  that,  after  Ignition 
of  the  mixture  at  the  closed  of 'the  pipe,  theih  occurs  in  "the  '  ’ 
reaction  zone,  togathsr  with  h  large  drop  in  pressure,  a  si^iflcant  ■ 
increase  ih  tiie  specific  volume  of  combustion  products  in  comparison 
with  the  specific  volume  of  the  mixture  before  combustion.-  Combus-  : 
tion  near  the  closed  end  of  the  chamber  proceeds  with  ever-increas¬ 
ing  pressure  and  t^peraturesilnder  these  conditions  it ‘is  do^tfUl—  - 
whether  it  ' is  expedioit  to 'link  the  acceleratibh  of  the  flame  in  the 
initial  stagd  of  propagation  with  the  uormal  velocity  of  thd  flame. 

.Role,  of  weak  Shock  Waves  in  the  Organization  of  the  s  .  ; 

Process  of  dbmbustiCn  bf  Explosive  Mixtures  in  Pipes  : 

,  .  The  shock  waves  foiling  before  the  flame  front  have  a  substan¬ 
tial  effect  on  the  course  bf  the| combUstiph  process.  Depending  on  in 
what  stage  of  "development  the  Woc^  wave  interacts  with  the  "ftame 
front,  combustion  of  the  mixture  in  a  pipe  can  "be  vibrational,  it  can 
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be  Qhaiacterized  by  flarebaeks  of  the  fl^e,  Or  transition  fiom  slow, 
combiistibri  i>o  Sotohatioh  occw  ^  , 

To  illustrate  the  above  let  us  introduce  several  photographs 
of 'the'  coabustion  process.;'-  '^.v  r;; 

In  all  tSie  photographs  the  flame  propagates  horizontally  -tdiile 
the  film  travels  in  the  vertical  direction.  Scale  •markers ,  appear-- 
ing' at 'ecjual  intervals  from  the  ends  of  the  viewable  portion  of  the 
chamber,  are  registered  in' the  foaTH  of  black  stripes  running  parallel 
to  the  time  axis.  Since  the  photographs  vrere  taken  by  the  double- 
blade  method,  all  optical  nonunlformities  -r  .both  the  regicas  of .  , 
con?)rs2aion  as  well  as  -iiie  regions  of;  rarsfactiph  -.  are  recorded  in 
the  f  orsi  of  dark  lines  aga5.nst  a  ligat  background.  ^ 

Figure  3  shows  a  time  scan, of  the  combustion  of  £  stoic- 

hiometric  hydrogen-oxyge^i  fixture  in  a  plpb  with  circular  cross- 
section  and  a  length  of  hO  cm.  -  r  -  .  ^  '  r  ■ 

■  The  weak  shock  wave  (M  1.51  is  reflected  from  /the  eno  of  the  • 
pips  almost  immediately  after  it  is ,  foimied.  The  Intensity  of  the 
diminishing  shock  wave  is  Insuffioient  to.  ighite  the  mixture^oefore 
the  flame  front.  Apprc'dmately  200  microseconds  after  the,  shopk 
wave  is  reflected  from  tlie  end  of  the  pilpb,  a  new  foctis  of  combus¬ 
tion  appears  at  this  end,  propagating  at  d^toi^at ion  velocity  toward 
the  first  f3.ame  front.  Propagation  of  the  hew  focus  of  combustion 
does  not  always  occur  at  detonation  velocity. 

;  ■;  Figure  u  (leftV  shows  a  time.  'sq^n  of  .the  cbmbustlpn  of  a  . 

stoichiometric  methahe-oxygmi  mixture  hba'r  ,thb  butt.  sUrfacs  of  the 
pipe  with  square  cross-section.  .  .On  the  j^^t  is  a  series  of  spark 
photographs  of  the  same  phase  of  the  jprocess.  ,The  flame  front 
propagates  from  left  to  right.  The  cbmpressioh  ■waved,,  from  which  /• 
the  shock  wave  is  formed,  can  be  seen  clearly  pr^eding  the  0 
front.  During  reflection  of  the  shock  wave  from  the  end  of  whe  ' 
chamber,  there  arises  a -now  foous  -of '.combustion,  propagating  ■toward 
the  .flame  front.  However,  in. this  .case,  combustion  is .  not  of  a  .de- 
tonatlve  character#  The  formation  of  the  hew  focus  cx  com^/Ustlon 
is  accompanied  by  a  more  Intense  glo'w  -than  that  of  the  fii'st  ^ame. 
This  is  natural  inasmuch  as  at  the  end  of  the  pipe  a  hi^ly,  compress¬ 
ed  mixture  Is  burning. 

The  appearance  of  a  new  focus  .of  ,cot^^  refiee-  . , 

tion  of  "the  shock  wave  from  the  wall  does  hot,  of  course i  esdiaust 
the:.vari9Us  cases ; of  thO;  effect  ,b|  waa|c  shocl^  -^es  on;the  progress  / 
of  the  combustion  process.  = 
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Figure  5  shows  a  time  scan  of  the  combustion  of  a  stoichio¬ 
metric  mixture  of  hydrog^  and  oxygen  in  a  pipe  with  ciroolar  cross- 
section  and  60  mm  in  length.  .  It  is  readily  seen  that  the  distance 
from  ignition  to  the  point  of  formation  of  the  shock  wave  does  not 
depend  on  tiie  length  of  the  chamber  if  the  chamber  is  sufficient 
long  to  prevent  the  cOmpi’ess  ion  ■«raveS»  reflected  from  the  dnci  of  the 
chamber,  from  participating  in  the  fpru^iion  of  the  diock  wave.  __ 
Since  the  intensity  of  the  developed’  shock  wave  decreases  witVthe 
distance  between  the  wave  and  the  point  of  its  formationp  neither 
the  direct  nor  the  reflected  shock  wave  is  capable  of  igni  /ing  we 
mixitoe.  Upon  interaction  of  the  name  front  with  the  shook  wave 
reflected  from  the  end  Of  fee  chamber*,  the  flame  _  front  is  rep-^sec.  • 
Fof  a  clear  examination  of  the  details  of  the  interaction  o-  the 
shock  wave  with  the  flame  front,  time  scans  of  the  combustion  process 
were  obtained,  together  wife  high-speed  photographs  of  tnau  pnase  oi 
development  of  fee  process  vfcich  interosted  us.  Figure  6a  Usltj 
shows  a  time  scan,  while  cn  the  right  ia  a  series  of  high-speea  ; 
photographs  of  the  same  phase  of  fee  procOss. 

Clearly  visible  are  the  change'  in  the  foim  of  fee  fi£»e  ' 
front  duriiig  its  interaction  with  the  shock  wavs  and  the  appearance 
of  disturbances  before  the  flame  front,  traveling  counter  to  «ne 
shock  wave. 

Figure  6h  showi  fee  propagation  of  the  flame  after  it.s  in¬ 
teraction  wjlth  fee  shock  Wave.  As  in  the  preceding  photographs, 
on  fee  left  is  a  t3ma  scan  of  the  process  and,  on  the  right,  a  series 
of  high-speed  photographs  of  the  same  pnase  of  the  process,  ihe 
flame  front,  propagating  through  the  meciium  previously  ’'preparea 
by  disturbances  arising  during  reflection  of  the  shock  wave  ..rom 
the  flam**  front,  jassuaes  a  unique  fpria.  Behind  the  flc^e  fvont 
stretches  the  long 'comet’s  tail. 

therinteraett^^  of‘ a  weak  shbck  wave^^^i^^ 
can  lead  to  the  appearssice  Of  a  detonation  wave,  as  seen  from 
Figure  7,  which  shows,  a  time  scan  of  the  combustion  of  af  Su6i-  -^_ 
chiometric  mixture  of  methane  and  oxji’gen  in  a  1-metef  Ch^ber  With 

circular  cross-section,  DUrin’g  combustion  of  the  same  mixtures 

a  long  chamber,  when  the  shock  wave  reflected  from  the  end  of  the 
pipe  dces.  not  participate  in  the  formation  of  fee  detonation  wave, 
slow  combustion  dev^ops  into  detpnatioh  au  a  distance  of  120  cm 
from  the ;:;8pankpl'ag.  .  .  J ,  . 

From  the  photograph  it  can  be  seen  that  the  interaction  of 
the  weak  shock  wave  with  the  flame  front  precedes  the  interaction 
of  the  shock  wave  with  the  waves  whi<^  have  formed  later. 


The  propaigation  of  the  flame  through  a  besh 

"prepared"  by  the  shock  waves  is  pf  a  detonative^^ 

•  '  The  transition  to  detonation  propagation  pf  the  : 

occur  also  without  the  flame  front  being  acted  npoh  by  the  shock 
wave  foming  before  the  fiame  front' as  a  result  of  the  accelerated 
propagation  of  the  flame  in  the  initial  stage. ^ 

Such  a  development  of  the  process  is  recorded^  ^  Figure  8, 
which  shows  a  time  scan  of  the  combustion  of  a  stplcbxoaGtric  , 

liycbrogen-oxygea  mixture  in  a  2-m8tsr  chamber.  '  i  , 

,  TSiC  shock  waves  forming  before  the- flame  front  in  the  prer 
detonation  stage  play  a  substantial  part  in  the  traiisitioh  from 
slow  combustion  to  detonation^  They  create  an  acceleratifci^floW 
of  gas  before  the  flsaoae  fi^oirtp  which  facilitates  the  t2’€i.hsifcicn 
to  detonation.  The  change  in  the  iom  of  -aje  I’lsms'  front  dwing 
transition  from  slow  combustion  to  dptpnation  was  examined  In  , 
Reference- (7).  ■  ^  v'- ^ 

Coriclusibas/'  '■  '  , 

la  Experiments  revealed  that  the  distance  between  the 
point  of  ignition  and  the  point  of  formation  df  the  shpc^ 
is  dependent:  on  the  composition  and  initial  pressure  of  the  bumlrig 
mixt'ijre  during  combustion  of  explosive  mi:ctures  in. a  pipe  c3.csed 
at  both. ends.- 

2',  The  interaction  "of  weak  shock  wayes  with'  the  ;;flamo '  front 
was  examined.  It  was  shown  that  the  detonation  wa^o  can  arise 
both  during  interaction  of  the  £J.ame  front  with  a  treak  shack  wave 
formed  in  the  initial  s tage  of  flame-  propagation,  as  well  as  from 
the  propagation  of  the  flame  in  a  medium  previously  prepared  by 
the  shock  waves  forming  in  the  predetdnat 1 on  stage  of  f l&me  propa¬ 
gation,  Transition  from  slow  combustion  to  detonation  can  Occur 
as  a  result  of  self -acceleration  of  the  combustion  process,  ca^ed 
by  a  weak  shock  wave  reflected  from  the  end  of  the  pipe.  ;  . 

The  work  was  conducted  at  the  Laboratory  pf  the  P^sics 
cf  Combustion,  Power  Engineering  Institute,  AS  USSR,  under  the 
direction  of  A,  S,  Predvoditelev,  Corresponding  Member,  AS  USSR. 
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